The development of epinastic curvatures in the leaves of various herbaceous species in the presence of low concentrations of ethylene was reported by several workers (3, 4, 11) before the importance of endogenous growth regulators had been established. Much later an imbalance in the distribution of indoleacetic acid was found to be the basis for epinastic responses in leaves (6) and branches (5) in the absence of an effective gravity vector. It is therefore a reasonable hypothesis that the effect of ethylene on the form and orientation of leaves on erect plants is mediated through interference with the lateral transport of auxin by gravity. Van der Laan (8) found an excess of auxin in the upper half of the horizontal epicotyl of Vicia faba exposed to 5 to 50 ,ul/liter ethylene. Burg and Burg (1) reported an inhibitory effect of ethylene on the downward movement of IAA in horizontal sections of pea stems in the concentration range of 10 to 100 ,ul/liter. Similar lateral transport by gravity in coleoptiles of corn and oats was found to be unaffected by ethylene.
The development of epinastic curvatures in the leaves of various herbaceous species in the presence of low concentrations of ethylene was reported by several workers (3, 4, 11) before the importance of endogenous growth regulators had been established. Much later an imbalance in the distribution of indoleacetic acid was found to be the basis for epinastic responses in leaves (6) and branches (5) in the absence of an effective gravity vector. It is therefore a reasonable hypothesis that the effect of ethylene on the form and orientation of leaves on erect plants is mediated through interference with the lateral transport of auxin by gravity. Van der Laan (8) found an excess of auxin in the upper half of the horizontal epicotyl of Vicia faba exposed to 5 to 50 ,ul/liter ethylene. Burg and Burg (1) reported an inhibitory effect of ethylene on the downward movement of IAA in horizontal sections of pea stems in the concentration range of 10 to 100 ,ul/liter. Similar lateral transport by gravity in coleoptiles of corn and oats was found to be unaffected by ethylene.
The auxin pattern for leaf and branch epinasty had been established by experiments with intact plants rotated on a horizontal clinostat. The reliability of this device for eliminating the transport effect of gravity was confirmed by the results of the clinostat control experiments for the wheat seedling experiment (7) and the leafy plant experiment (4) in Biosatellite II. The hypothesis of ethylene inhibition of the unknown mechanism for downward transport of auxin in leaves can now be tested critically by applying the methods developed for studies in which gravity was not transplanting auxin in rotated leaves. An excess of auxin can be expected in the convex side of an epinastic leaf curvature (6) on an erect plant.
METHODS AND MATERIALS
Potted plants of tomato (Lycopersicon esculentum Mill.) and pepper (Capsicum annuum L.) at the first flower bud stage were exposed for 23 to 24 hr in darkness to measured concentrations of ethylene. The treatments were carried out inside a sealed chamber with temperature control at 24 i 0.5 C and a capacity of six to eight plants.
Pure ethylene was obtained from a pressure tank and supplied to the exposure chamber in measured amounts. The exact concentration in the air around the leaves was determined for each experiment from duplicate samples drawn from the chamber at the end of 45 min. The ethylene content was measured by gas chromatography, using a Perkin-Elmer apparatus with a sensitivity of about 1 ,ul/liter ethylene.
The degrees of leaf curvature due to change in orientation of the tip after exposure to ethylene were measured from shadowgraphs. Spotlight shadows of leaf tip markers were traced manually on the same wall-positioned sheet at the start and close of each test period. The angle of epinastic curvature was then meas-ured at the intersection of lines drawn through the two shadows of a fine wire marker affixed to each leaf tip.
Distribution of exogenous radioactive auxin in the curved leaf at certain ethylene concentrations was determined from the radioactivity in ethanol extracts from convex and concave halves of the leaf axis. A 1% emulsion of IAA-2-14C in lanolin, with 1 mg of IAA having a radioactivity of 1.1 X 106 cpm was applied lightly to small portions of the leaf epidermis at the start of each experiment. The residual auxin and its nonvolatile degradation products were extracted from bisected curvature tissues as described in earlier papers (6) . Radioactivity from each side of the curvatures was measured in a liquid scintillation counter and reported in counts per minute for aliquots of equally concentrated extracts from the two lots of tissue.
EXPERIMENTAL RESULTS
The relationship between concentration of ethylene around erect plants and the extent of epinastic curvatures in their leaves is shown graphically in Figure 1 . The dose-response curve rises sharply for both tomato and pepper plants with an ethylene treatment of less than 5 Al/liter. The angles of curvature increase less rapidly between 5 and 20 ,ul/liter of gas, with the curvature for an average tomato leaf going well past 900 as faster growth in the convex side of the long leaf axis produces large increments in the mean angle of its downward tip movement. With higher concentrations of the gas, the younger leaves turn down and back even beyond a 1800 change of tip orientation as the mean epinastic curvature reaches 1000 and more.
The shorter pepper leaves develop their downward curvatures much less in their petioles and midribs than in their pulvini. A strong imbalance of growth takes place in the pulvinus with relatively low concentrations of ethylene. Additional but less pronounced curvatures appear in the petioles with ethylene concentrations over about 20 ,u/liter. The maximum mean curvature remains well under 900 as indicated by the graph for pepper leaves. Ethylene concentrations higher than about 100 ul/liter cannot be used because abscission processes are accelerated at this level.
The distribution of auxin between the convex and concave halves of tomato leaf axes under the influence of ethylene appears in Table I . The concentration of the gas was set for the first six experiments to produce an average leaf curvature of about 900. Similar evidence for the retention of excess auxin in the convex side of curvatures in pepper leaves exposed to ethylene is displayed in Table II . The mean ethylene dose of 26.6 al/liter was chosen to induce submaximal curvatures. The resulting 41.9% average excess in the convex side was in reasonably good agreement with the increased concentration of ethylene, in comparison with the data for tomato leaves in Table I .
DISCUSSION
The supply of IAA from the 1% emulsion in lanolin provided for normal growth of the leaf axis in darkness. The rate of delivery of the auxin to the petiole was known from the work of Wetmore and Jacobs (10) to be within the physiological range for a partially expanded leaf. The absence of epinastic curvatures in leaves of the control plants, with either radioactive or cold auxin, showed that there were no measurable effects from an internal source of ethylene.
The form of the dose-response curves for the two species suggests a selective action, presumably chemical, on some physiological process which controls the balance of growth factors within the leaf axis tissues. Even small amounts of ethylene produce an appreciably higher growth rate in the upper side of the leaf. The resulting epinastic curvature is increased considerably if more ethylene is available. There is no reason to expect a preferential ethylene inhibition of growth in the lower side of the leaf, and the effect is the same with auxin supplied to the lower or upper epidermis.
The higher growth rate in the upper half of an axis supplied as usual with its water and nutrients but exposed to ethylene indicates an excess of growth regulator on that side. Clinostat studies have shown (6) that an excess of IAA is delivered to the upper side of a leaf where it remains and leads to a growth curvature if gravitational force is prevented from transporting it to the lower side. An ethylene inhibition of this transport mechanism is a logical explanation for curvature when gravity is acting on the leaf.
This hypothesis is fully supported by the data for auxin distribution in Tables I and II The variable excess of auxin in convex halves of epinastic curvatures gives further support to an auxin imbalance interpretation of variable imbalances in growth. The older hypothesis of differential sensitivity to equal concentrations of auxin on the two sides of a petiole, as propounded by Vardar in 1953 (9) , becomes untenable in the light of actual measurements of unequal amounts of IAA in the two sides.
The evidence for interference of ethylene with lateral transport of auxin under the influence of gravity supports an understanding of the unknown mechanism as controlled by a system of biochemical processes. The similar inhibitory effect of ethylene on petioles and on seedling stems (1) , in contrast with the absence of an effect on coleoptiles, suggests a need for a direct, downward, anatomical pathway for the steps in the transport which are open to inhibition by ethylene.
